Today's health sciences educational programmes have to deal with a growing and changing amount of knowledge. It is becoming increasingly important for students to be able to use and manage knowledge. We suggest incorporating open-book tests in assessment programmes to meet these changes. This view on the use of open-book tests is discussed and the influence on test quality is examined.
Introduction
'What we call "the body of knowledge", is doubling every ten years', Spetz stated as early as 1989. 1 Today, with newer technologies, knowledge is growing even faster. For students, it is impossible to remember this growing amount of facts, some of which will have changed or been disproved by the time they begin their professional careers. Therefore, it is important that students in health sciences education programmes are able to use and manage knowledge when dealing with new problems and changed situations. This change in learning objectives implies changes in assessment, because assessment drives students' learning behaviour. [2] [3] [4] The use of open-book tests seems to be better aligned with these new learning objectives because they reduce the need for cramming and memorization of facts. [5] [6] [7] Generally, open-book tests are implemented to encourage students to use deeper learning approaches and to assess higher cognitive levels. 8, 9 In this paper the use of open-book tests is discussed as a way to handle the growing body of knowledge.
Open-book tests
In the past, two reasons underlaid the use of open-book tests, namely improving the representation of the professional setting and encouraging deeper learning.
Firstly, open-book tests were seen to be more representative of the professional setting in offering access to references in order to find answers to questions and solutions for the problems assigned. 1, 2, 7, 8, 10 Professionals do not rely heavily on memory; the open-book test is therefore closer to what is expected when 'on the job'.
The second reason for implementing open-book tests is to encourage deeper learning. 8, 9 Open-book tests were expected to encourage teachers to ask questions on cognitive levels beyond recall. According to general opinion, items of the reproduction type are not suitable for open-book tests because answers can simply be copied from the references. Items assessing comprehension and application are considered as more suitable. 11, 12 As Hoffman formulated it: 'The "plug and chug" questions are replaced by problems which require deep thought, understanding, and intellect'. 13 Items assessing higher cognitive levels could encourage students to use deeper learning strategies in preparation, especially when the need for recall is limited. Students are stimulated to prepare in a more constructive way, for example by consulting more references and improving note-taking and active listening during lectures. 14 However, in our opinion, testing at a higher cognitive level and stimulating students towards deeper learning approaches is also desirable for closed-book tests.
In addition, we decided to implement open-book tests for a third reason. We expect that students will be able to study more knowledge in the available preparation time, thus allowing for more subjects to be covered. This view is supported by several studies which found that students spent less time preparing
for an open-book test than for a closed-book test. 9, [15] [16] [17] However, a possible threat to open-book tests is that students underestimate the need for preparation. 7, 17 This lack of preparation could influence the psychometric quality of the tests negatively.
To prevent underestimation of preparation and to match the competency of using and managing knowledge better, exams containing a closed-book and an openbook section were used. It also remains possible to assess knowledge that students need to remember and which is best assessed in closed-book tests with these exams. These exams were implemented throughout our undergraduate medical curriculum from the first year on. After using these dual exams for two years, we
analysed the psychometric quality of the assessment procedure using generalizability theory.
Method

Context
The undergraduate medical curriculum of the University of Groningen and the University Medical Center Groningen is composed of ten-week modules. The content of each module is divided into core knowledge and backup knowledge ( Figure   1 ). Core knowledge is the knowledge that every health science professional should know immediately and without needing to consult outside sources. Backup
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knowledge is defined as knowledge that students need to understand and use properly with the use of reference sources if so desired. 
Procedure
Each cohort completed eight exams. The first exam in the first year was totally closed-book in order to allow students to get used to the new training course.
These results were not included in this study. The following seven exams all consisted of a closed-book and an open-book section, together calculated as one final result. Each examination assessed the students' performance after completing an integrated module. Three modules from the first year and four modules from the second year were included. Table 1 shows the titles and the subjects dealt with in each module.
Backup knowledge Core knowledge
Within each module, a team of teachers was responsible for organizing the learning events and formulating problems and questions for the examinations.
These teams varied per module. 
Statistics
The items were scored dichotomously (1 or 0 for the right or wrong answer).
Questions of poor statistical quality were eliminated afterwards -a standard procedure in calculating students' results. The right answers were added to a total score for each section for every student.
Multilevel analysis was used to analyse the data. 18 Multilevel analysis is a flexible method to estimate models with several sources of variance and it allows taking into account the differences between tests in their number of items. This can be regarded as a more versatile way of implementing the approach of generalizability theory (G theory). G theory explicitly recognizes multiple sources of variance that contribute to the undifferentiated E (random error term) in classic theory. 19 be an outlier (see Table 2 , results section), this exam was excluded from the analysis.
Results
The exams were taken by 351 -471 students, with a mean of 402.95 (377.6 in cohort 1 and 428.3 in cohort 2). Tables 2 and 3 provide details of the number of items, number of students, average percentage score and standard deviation (SD) for each cohort. As Table 4 The estimated reliabilities of varying numbers of items in the open and closedbook sections are shown in Table 5 . The mean number of items and their distribution for both cohorts together was 128, with 80 in the closed-book section and 48 in the open-book section. These numbers were used to calculate the various reliabilities in Table 5 .
As Table 5 shows, the estimated reliability, although not depending strongly on the mix of the two types of items, is highest for both cohorts when the test consists of only closed-book items. The reliabilities were all higher for cohort 2, these were all above 0.80. 
